Abstract. I propose a set of criteria which distinguish a grand challenge in science or engineering from the many other kinds of short-term or long-term research problems that engage the interest of scientists and engineers. As an example drawn from Computer Science, I revive an old challenge: the construction and application of a verifying compiler that guarantees correctness of a program before running it.
Introduction
The primary purpose of the formulation and promulgation of a grand challenge is to contribute to the advancement of some branch of science or engineering. A grand challenge represents a commitment by a significant section of the research community to work together towards a common goal, agreed to be valuable and achievable by a team effort within a predicted timescale. The challenge is formulated by the researchers themselves as a focus for the research that they wish to pursue in any case, and which they believe can be pursued more effectively by advance planning and co-ordination. Unlike other common kinds of research initiative, a grand challenge should not be triggered by hope of short-term economic, commercial, medical, military or social benefits; and its initiation should not wait for political promotion or for prior allocation of special funding. The goals of the challenge should be purely scientific goals of the advancement of skill and of knowledge. It should appeal not only to the curiosity of scientists and to the ambition of engineers; ideally it should appeal also to the imagination of the general public; thereby it may enlarge the general understanding and appreciation of science, and attract new entrants to a rewarding career in scientific research.
An opportunity for a grand challenge arises only rarely in the history of any particular branch of science. It occurs when that branch of study first reaches an adequate level of maturity to predict the long-term direction of its future progress, and to plan a project to pursue that direction on an international scale. Much of the work required to achieve the challenge may be of a routine nature. Many scientists will prefer not to be involved in the co-operation and co-ordination involved in a grand challenge. They realize that most scientific advances, and nearly all break-throughs, are accomplished by individuals or small teams, working competitively and in relative isolation. They value their privilege of pursuing bright ideas in new directions at short notice. It is for these reasons that a grand challenge should always be a minority interest among scientists; and the greater part of the research effort in any branch of science should remain free of involvement in grand challenges.
A grand challenge may involve as much as a thousand man-years of research effort, drawn from many countries and spread over ten years or more. The research skill, experience, motivation and originality that it will absorb are qualities even scarcer and more valuable than the funds that may be allocated to it. For this reason, a proposed grand challenge should be subjected to assessment by the most rigorous criteria before its general promotion and wide-spread adoption. These criteria include all those proposed by Jim Gray [1] as desirable attributes of a long-range research goal. The additional criteria that are proposed here relate to the maturity of the scientific discipline and the feasibility of the project. In the following list, the earlier criteria emphasize the significance of the goals, and the later criteria relate to the feasibility of the project, and the maturity of the state of the art.
• Fundamental. It arises from scientific curiosity about the foundation, the nature, and the limits of an entire scientific discipline, or a significant branch of it.
• Astonishing. It gives scope for engineering ambition to build something useful that was earlier thought impractical, thus turning science fiction to science fact. • Testable. It has a clear measure of success or failure at the end of the project; ideally, there should be criteria to assess progress at intermediate stages too • Inspiring. It has enthusiastic support from (almost) the entire research community, even those who do not participate in it, and do not benefit from it.
• Understandable. It is generally comprehensible, and captures the imagination of the general public, as well as the esteem of scientists in other disciplines.
• Useful. The understanding and knowledge gained in completion of the project bring scientific or other benefits; some of these should be attainable, even if the project as a whole fails in its primary goal.
• Historical. The prestigious challenges are those which were formulated long ago; without concerted effort, they would be likely to stand for many years to come. • International. It has international scope, exploiting the skills and experience of the best research groups in the world. The cost and the prestige of the project is shared among many nations, and the benefits are shared among all.
• Revolutionary. Success of the project will lead to radical paradigm shift in scientific research or engineering practice. It offers a rare opportunity to break free from the dead hand of legacy.
